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(54) Title: TRANSGENIC CEREAL PLANTS 
(57) Abstract 

; To obtain a transgenic cereal plant which is stably trans- 
formed, an exposed cereal meristem is subjected to biolistic bom- 
bardment in order to target non-differentiated meristem cells for 
transformation. Immature embryos at the eariy proembryo, nrid 
proembryo, late proembryo, transidonal or early coleoptilar stage 
are harvested for bioustic bombardment The meristem tissue or 
cells fated to contribute to the meristem then are manipulated in 
order to enlarge transgenic sectors, either through selection and/or 
through effecting a proliferation from the tissue of shoots or mul- 
tiple meristems per se. The shoot population thus obtained then 
is screened, by means of a nonlethal enrichment assay, to identify 
either chimeric sectors that wiU contribute to geimline transmis- 
sion; or non-sectored, L2 periclinal chimeras that will by definition 
transmit to progeny; Increased time m culnire, under selection, en-, 
hances the prospects for sectoral-to-periclinai conversions, and also 
selects for Ll-to-L2 conversions which, through a shift in position, 
ultimately contribute to the germline. Transgenic sectors also are 
stabilized during the step of tillering. 
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• : Bj^KGRQfeQ ^ ; 

The present invention relates to obtaining, plants by 
a met jkiodblogy that entails the biol is t i;c borabardmerit of 
5 meristem tissue, at a veiry early stage of development , 
and the selective enhancement of transgenic sectors , 
toward- . genetic " , homogeneity , • ; } in ; cell ' .'. layers "• ; •.th*t;; : \ 
cont to germlinfe transmission. 

Production of transgenic plants first became routine 
10 through the use of Agrobacteriuzn, and the use of this 
vector with totipotent tissues has become the method of 
^.■c^ijce'i-for ihMy dicotyledonous species. While steady 
Progress has been made in expanding the genotype and 
species range of this method, Agrobacteri um-mediated 
15 transformation has not been widely utilized for 
monbcotyledonbus species, including cereals, and is 
likely in the near term to remain restricted to specif ic 
genotypes. Similarly, protoplast -based methods are not 
widely applicable for monocots, 
20 The first reports which appeared on biolistics- 

med^^^ production of fertile, transgenic maize were 
restricted to a specific hybrid, A188 x B73. See Gordon- 
Kamm et al Plant Cell 2 : 603 (1990 j , and Firomm et al., 
Bio/fechnol ogy 8 : 83 3 < 1990 j . Since -then thfe tec^iqtie: 
25: has been extended to many important mbnocbt crops, 
including barley, wheat rice and oats, and the useful 
range in maize : . has - : ; been..' : expanded slowly to include. . ; a:' : 
handful of genotypes, for example, the commonly used 
A188xB73, :" K?9:,/^tt%6-' and Pa91 genotypes . .'- This ' • work 
30 generally has revolved around a common theme ,\ which is 
the initiation of regenerable callus from the scuteliuirn 
of the embryo. In particular, all -the reports in this 
context have highlighted a prerequisite of initiating 
regenerable callus from the scutellum of the immature 
35 ;embryo ^ regardless of whether there is bombardment (i) df 
the! scutellum j ust after embryo isolation, followed by 
selection of the callus grown from the scutellar cells, 
( ii) of freshly ; initiated callus ■ after a short prei- 
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. ; . • culturiB of J the sGutellutn or ( iii ) of idrig^term callus or; 
•., • cell susperisioii cultures 

Progress : in expanding the icalluB -based approacbe 
•Wn£w' genotypes or; spec i e s has be cur red ^ of" 
-' 5 • . . ; ,j the : bisiq.'. : met keconroodate^di^ 

and • growth patterns that typify different forms of 
• immature , embr^ r de ^i^ed callus , i . e friable callus 
versus compact callus; also referred to as Type II and 
Type I, respectively. Genotype restrictions remain, 
10- : ^LV;--lK>Weyer # ^because : -some ^ge™plaisnv' ; ---d6es. : ;: ;ihot:0;produ^ 
appropriate callus response. 

With //. the advent of . biolistics-mediated 
transformation, numerous groups have explored the 
possibility of using microprojectile-delivery methods 
15 with meristem tissues. It has remained "an open 
question," however, as to "whether integrative 
t^r'V • trap's f^ 

[a] monocptyledonous species is [even] possible . " Bilang 
et al. , Plant J. 4: 735 (1993) . 
20 The literature is marked by speculation concerning 

i barriers to transforming meristem: target^ 
explain the lack of success in this area. It has been 
observed, for example, that cereal " s hbo t mer i s t ems are 
tiny (about 100 /im) and. . .biolistic particles hit -large 
25 • target areas at random, " and that ••meristematic cells may 
[liave] iholieqUlar mechanisms • which ^vi-pr^ 
.... : integration:;/, of -foreign DNA. ".' . ; 11 . : Potrykus , l^ture i55 : : 
568 , 56 9 (1992 ) v Mpr^ generally, •ts4if^ ; f fehSi^ >t^n.Qjbip.t> 
plant species /tend to display less developmental 
30 plasticity than dicot species has engendered an 
expectation that monocots are less amenable to stable 
transformation by biolistic and other techniques. 

Given the lack of developmental plasticity; ih 
cereals, therefore, the historical focus of 
35 transformation efforts in these crops has been on callus 
derived from one of the few genotypes that produce Typ^e 
I or Type 1 1 embryogenic callus . -These : transforation 
targets were subject to easy use because a lkrge 
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population of undetermined, proembryogenic cells could be 
selected. Accordingly, many research groups Have taken 
advantage of this approach and have not p^ 
alternative target ^tiss^es^- ; 2^ ^ 
dat^h^ 
: : bondpardm^n 

: ;in' : '.,ythis.;, ; regard has been ascribed to the rigid 
developmental fate of the cells composing the meristem. 
SUMMARY OF THE INVENTION 
1 1 is theref pre an ob j ect of the 
to provide a methodology for the rejpa^ducible production 
of stably transformed cereal plants. 

In accomplishing this object and others, there has 
been provided, in accordance with one aspect of the 
15 Present invention , a method for producing transgenic 
cereal plants, e.g. , maize, sorghum, wheat, barley, oat 
or rice plants, that will transmit introduced DNA to 
progeny, comprising the steps of 

(A) introducing foreign DNA into cells selected from 
the group consisting of ( i) cells of a, imeristem that is 
not enclosed iy sheathing leaves and (ii) ceils fated to 
contribute to said meristem; then 

(B) inducing reorganization of said meristem to 
increase transgenic sector size, whereby the likelihood 

25 that a transgenic sector will contribute to germline 
transmission is increased; and thereafter 

(C) exposing said meristem to conditions; ^der which 
it different iates to form • a plantlet , wherein sai<i 

1 plant let contains said transgenic sector or is 
30 hompgerieously transf ormed by said f ore igri DNA ; ; suciih that 
said plantlet can be grown into a transformed cereal 
plant that will transmit said f breigh ? i^ : >^ :: :: -j^^^;-^ 
: The foreign DNA can be introduced into a plurality 
: • ^f ; .,:meristems , . at ;^;lei|^v:i5pn« : : of which- dif f erent iate in ; 
??• ••: :;/*step.;^(C). to form a plurality of plahtlets; £M<Si: foreign 
DNA is introduced into a meristem that ; iis not eh^ 
sheathiiig leatves including mer i s t eins 1 f rbm Teaiiy 



20 
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: : :' r [ ^ '. . , ' - • 'X."'. :, ; -'/-V'' ; , '. ' " /-V ^4:" -i-S' J 

: p "-Sate; prberi^ryo, t rans i t ioriai ; 

i.. ; an4 nearly : :qdleopt : i 

/ %^ : / one^ ' :•• ptet^rrid' ;eTi^d4imeht'/ . /reibrgan^ ,a : s' : ":;: 

.5 the group consisting of (i) imposition of a nonlethal 
. •: ;s;el^ < ± x:> ; nie ckaiix^ki : 

;ihduce(d m^ristem reorganization, and (iii) hormonally- 
• ... induced shoot multiplication. In another preferred:; 

embodiment the conditions in step (C) are such that the 
10 me^ arid plaiit dif f erehtiatibn to 

form shoot apices, and the method further comprises 
. effecting reorganization of meristem tissue in the shoot 
apices to enlarge transformed sectors or to produce 
pejriciinal L2 chimeras. The reorganization in this 
15 regard can be effected, ■: for example, by exposing the 
shoot apices to nonlethal selection pressure such that 
transformed cells have a competitive growth advantage 
over nontransf ormed cells in the shoot apices, and the 
proportion of transformed ceils in the shoot apices is 
20 increased. In yet another preferred embodiment, the 
method further comprises a step before step (B) , e.g., 
before step (A) , of wounding the apical .dome selectively. 
A method of the present invent ion also can comprise the 
:,;,further steps of (i) dissecting but an axil 1 ary ; bud from 
25 above the base of a leaf of a plantlet when a chimeric 
o sector is observed in a substantial portion of the leaf , 
and then (ii) germinating the axillary bud into a; whole 
\; plant or • subjecting the axillary bud to shoot 
multiplication. 

30 In yet another preferred embodiment, the transgenic 

■■^■■■^faect,ox\. of - a !::; piant let, :;is st abil i zed by ixiduc ihg t i liers ; 
The apex of a triansgenic plantlet is rei^V^d, : the woiirided 
/ " plantlet ia grown to induce formal 

itillers, and transgenic tillers: then ' : ^&&&ected- from 
;-;35'-I that plurality . ' : ' 

In accordance ^ .-aspectv "of ; .?the. preisent 

invention, a transgenic cereal plant is provided that 
•(A) is the prbdufet of a method: as described above i 
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(B) transmits introduced DNA to progeny and (C) belongs 
to a cereal line that is recalcitrant to callus -based 

' • }tr^ni±6m^t.''i6ti : ..' ■;■ \V A-..^ .; preierred ^mbbdiment / ; .: *sjj|e& 
'7trari£g$^ 

5 by triansformatioii of a genotype -selected.- from the group 
consisting of A18 8, A188 x B73, H99, Pa91, FR16 and a 
; : gShotype bbtained from a cross involving any -:6t: ; tKe !: '- : : 
>?f oregoing"; 

: • ^cor^tig^o. still another aspect : " of ^; : 'the present [ 
10 invention, oa|-iwiziV plant, is provided : : that • ti^stni t s ;: - - • 
i^ 

including a line ;-selec the grcnip consisting of 

PHT47, PHP02, PHV78 , PHK05, PHW20, PHR62, PHN37, PHM10, 
.;• PHV37 , PHJ65 , PHBW8, PHK2 9 , PHJ33 , PHP60, PHN73 and 
15 PHHV4 • 

Other objects r features and advantages of • tsl^:; : -pr^8ent : .':\ 
invention will become apparent from the following 
detailed description, It should be understood, however, 
that the detailed description and the specif ic examples/ 
20 while indicating preferred embodiments of the invention, 
are given by way of illustration only. Indeed, various 
changes and modifications within the spirit and scope of 
the invention will become apparent to those skilled in 
• the art from this detailed description. 
25 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a series of line drawings depicting the 
structure of a typical cereal embryo (a) at the 
coieoptilar stage, which in maize occurs approximately 8 
to 14 days After: pollination , and (b) at tfie later third 
30 stage (about 22 to 28 days after pollination in maize) , 
respectively; (c) the model shoot tip of an angiosperm, 
including cereals , shbwh in longitudinal sect ion ; and (d) 
the shoot and root structures which pertain in cereals 
generally, with a iiuiit ph^omer of the shoot highlighted. 
35 Abbreviations : cn » cbleoptiiar node ; cp 

« colecptilar pore; cr ■ cbleorhiza r « 

primary root primordium; s « suspensor; sa « shbqt apex; 
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: sc = scutellum; sen = scutellar node? sr : = seminal root 

primordiuni; . 

.. . FIGURE ; 2 is : a schematic representation of 

transformation methodology according:; to - the present 
.5 : - . invention . ' . 

PETAI1EP PESCRIPTON QF THE PREFERRED EMPPPTHBHT9 

. • . ., . : . •'• • It • - : ■ \ ha s : >. - beeiv .• .- - di s cove r e d ;>t hk t •: • • • : • the : • difficulties^ • 
discerned previously in relation to applying a meristem- 
based transformation strategy to cereals can be overcome 
10 by (A) biolistically targeting cells of the shoot apical 
meristem under conditions such that the apiical dome of; 
the apical meristem is not enclosed by sheathing leaves , 
ai3 dejpicted in FIGURE 1; and {B ) using: ; a nohlethal 
^eiect ion regimen toe £ f ect an erir i chnient of trans formed 
15 cells, for example, by giving transformed cells a 
competitive advantage over nontrahs formed cells, and 
thereby to facilitate an increase in sector width. The 
nonlethal selection also; can promote the development of 
a short-lived, mericlinal L2 event into a stable, 
20 per icliiial event in which most or all of the cells: 
contributing to the germ line (i.e., the L2 layer) are 
transformed. In addition, it has been; found that 
■ /selective ^ pressure can promote LI - to- L2 conversion 
events , thus increasing the probability of germ lih<5 
25 transmission. 

• • : ';.: : iThe - - shoot apical meristem in cereals is highly 
variable between species. In most species, however, a 
stratified meristem exists that ?ts '..cpii^^Bfed: : \6"f- two or ; 
• three visible layers which generate the ; entire shoot : a 
3 0 superficial LI, a subsurface L2 : and , in some cases ,i a 
deeper L3 layer . The outer layer (s) cc^rise? the tunica , 
which a^';charac^ In 
contrast , divisibrisi in the ihnermbs t laye^r , the corpus , 
occur randomly , both an t i cl iria ii y and : per i c 1 iria i ly . In 
35 maize the meristem is believed to be composed of only two 
layers, LI and L2, and possibly a third L3 layer. See 
: Pdethiig , GOOTEMPORARY PROBLEMS IN- P 235-39 
(1984) . Cell differentiation i major 
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tissues of the shoot is position-dependent rather than 
lineage -dependent. 

■ : -For '•'fekampi'iey- ; in most '• species the:-. .:epide^is-\:. ;.is; 
generated a exclusively by the LI l^yer ; wif H : ' : the-';ia' 

:5 flayer : contributing to the germ line- ;in the process of 
introducing a foreign gene into a subset of apical 
meristem cells , one creates a plant that necessarily is 
"chimeric , " i.e., a plant in which portions have been 
- •' altered 0)mthp\ : 9Xf s ; :t haree : ;v .ma jot:-';; : 

lip categories of chimeric plants/ based on the 
characteristic pattern of genetic differences : 
: |1) s$^ ; . iti which a port ion of the pianfc^is; • 

"genetically distinct" through all cell layers by virtue, 
for example, of displaying a mutant somatic phenotype, a 
15 change : in : ichroniosoine number, of the presence of 
transformed cells ; ( 2) periclinal chimeras , in which an 
entire cell layer (LI alone or L2 alone, for instance) is 
different from the rest of the plant; and (3) mericlinal 
chimeras, which represent an intermediate between the 
20 other two types, i.e. , a genetic dif f erence characterizes 
only a portion of one layer. 

In this description, the teirms "biolistic" arid 
"biolistically" denote an approach to genetic 
transformation described/ f or example in U.?. patents 
25 No. 4,945,050 and No. 5,141 , 131, the respective contents 
of which are hereby incorporated by -reference . 

Pursuant to a biolistic approach, force is 
transmitted . to small particles that carry DNA, for 
example , coated on particulate surfaces or absorbed into 
30 the particles, in such a way that the exerted pressure 
f orces particles into a targeted cell : or tissue; 
( "biological sample" j ; the particles thuis ire cailed 
V "m&qrbgro '-'or " mic f ocarr ier ? . In other wbfds, 

tile mic^ are : prbpelled at the biological 

35 ^a65>ie ^; ^accelerating to such speed that, iupipn impact , 
they ipenetrate cellular surfaces and are incorporated 
into the interior of a cell or cells in the sample . 
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Thie micropro j ectiles should have ^ 
; suf ficiently small ^ arid ireteiiti 

^itey-^ells ' : ;o : f the biological samplei i ^;3fe^u. tiii* . : ti : lx<B;:| if - ^ : 

cells > Particles of gold or tungsten; in the si2e range 
5 of about 0.1 to 4 microns, are illustrative of 
• m^ that -. ,."are;.- : ; suitable l/tor;-- deliverix^ ; 

exogenous nubleic acid: into a hpst.; : Other types of 
bipl ist ic del iyeiy vehicles are : dis:clbs ; ied : v :i or; ; exathplev>v 
-,by. : . a;S,-.. patents No.: 5 ,120; 657 (el.ectrical discharge 
10 . : : ••-•.•"vpropels a carrier sheet toward target ) and No . 5 ; 240 , 842 
(nucleic acid delivered via aerosol droplets) , and in PGT 
application WO 92 /01802 ( ice particles as carrier) . 

In relation to aspect (A) mentioned above, the 
present invent ion contemplates the biolistic targeting pi 
15 "V: apical meristem cells at i ah eiarly : developmental s 

: In a preferred embodiment, meristem cells are bombarded 
at a developmental phase that is no later than the 
coleopt ile - r ing stage, when the apical dome is fully 
exposed, lacking protection from leaf primordia , and is 
id cbn^os^d ^ cells in the nteristem thin ate pr636nt 

at later stages. The stages of maize embryogenesis are 
" described in detail by Pdethig et al . , Develdpmental 
Biology ill: 392-404 (1986);, the contents of which are 
i ric orpor a ti ed by reference . 
25 More specifically, the transformation method of the 

present invention focuses on cbleoptilar and earlier 
3 stage embryos , namely, early proembryo , mid proembryo y 
late proembryo, and the transit ioriai stages of embryo 
^ d^ At the earliest stages of development:, thfe 

30 meristem is not defined; instead , a cfroup pf 
cytoplastTiically dense eel Is -undergo more rapid" division 
: and, ultimately, form the ap^ 

In targeting these various enib^o :stageB, therefore , 
-.|>NA is introduced (i) into cells that make up the 
3 i5 ; meristem proper ( A. e . , at the icpleppt ila^ stage ) or, (ii) 
in the earlier stages of development, into cells that are 
•destined, by position or £at^, to dpntribute to the 
meristem. Biolistic bombardment according to the present 
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invention is effected by orienting the embryo so that 
•;,.;4^^s> :; ^tt are within a:^ therist'etn ; :: p to • 

contribute to the meristem are exposed directly to the 
biolistic projectiles, 
5 In late proembryos, the axis side of the embryo is 

• .; slightly flattened , : allowing this side of the embryo to 
be placed face • up (away from . theCagaz^^^ : 
Transition stage and coleoptilar stage embryos are 
similarly oriented. There is no such orientation, 
3.0 yy ' •;• however , for mid and early ; ;prbi^ on agar after 
isolation (i.e. , before shooting) . Rather, when 
proembryos are placed in a random orient at ion on • the agar 
medium, the meri stem appa^ develops oh the upper 

side of the embryo (away from the medium) . Thus, 
15 placement on the medium may be stimulating the embryo to 
re -orient its growth axis; for example, by virtue of the 
in vi tro conditions which are provided (i.e., the new 
hormonal gradient that is being established within the 
embryo) ! ; 

20 A convenient and, hence, preferred source of 

meristems for use in the present invention are 
coleoptilar stage embryos. At the coleoptilar stage of 
cereal embryo development, the coleoptile is visible as 
a ring of leaf primordium surrounding an i exposed 
25 meristem. In maize, the early coleoptilar stage can 
generally be obtained 10 to 12 days after pollination. 
(The days -af ter-pollinat ion criterion, or "DAP," is 
. :-.;aff ected- by embryoni c environment and genotype , : and 
therefore is an ad j unct to deiyelopm^ntal staging based oii 
30 morphology, which is an important criterion for timing of 
transformation in the present invention . ) ■ vAt the early 
cblebptiiiar . stage the ' boundary. '.. of ' - the g;meristem is 
distinct> with a visible tunica and corpus (Ll and L2 
• : ;l'ayers,:Pr^spectiyely) .. ' 
• >95' • • : : :A jpaxticular^ : ;target. : ;cells " f pr 

use in the present invention are preseht in the early 
prpei^ryp, mid prbembryo, late proeixibTyp: and the 
transitibnal stages in embryo development . in maize r the 
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• early proeiribryo ,. mid proembryd > 1 ate p rbeirtory o arid the 
t r ans i t i onal s t age s can generally; ^ isolated 2 , 4 f 
and 8-10 DAP , re speq t i vely, (ske £qe thig e t ai . (1986 ) > • 
: < g ited above Y . Again ; thev d^ is ttxe 

5 ; important cri^ Rate of : : de^lbpnent and , henfee; 

DAPs at which embrybs are isolated -vary with growth 
environment and genotype. 

At the mid proembryo stage thjsre is hb distin^ 
betw^eh the LI and 1,2 layers ; The d^ iii 
10 ; axid L2 progresses until -it; is : ;.wellTdefined % :the. ti^ 
the Embryo reaches the transition stage. 

Al ternat iyely :, immature -rstaminate '.: inflorescences? 
(tassels) and pistillate inflorescences (ears) can serve 
• as sources of meri stems for transformation in accordance 

15 with the present invention. "immature" here denotes a 
developmental state when floral meristems still are 
developmental ly plastic/ i.e., are capable of shoot 
diiEf erentiatipn. This developmental plasticity should be 
exploitable, pursuant to the present invention, for 
20 transformation of many Graminaceous species , given the 
recognized similarities in inflorescence development 
among the grasses. 

A trained technician can isolate 200 to 600 mid 
, proe^ry6> late proembryq, " transitional! or coleoptilar- 
•25- stage embryos per day, the ease of isolation and number 
of \ isolated • embryos increasing ; with embryo size . Gri the 
prder of -f ten times as many nieristeitt explants can be 
: isolated f rom c immature : tassels; and/or ears, and a large 
percentage of these can be induced to follow a vegetative 
:3:0 ../..pattern :v -of ; development- Ano t her important advantage 
associated witfr sourqes 
is that many genotypes exhibit better meiristem growth and 
shoot multiplication when the flpral \ explants are the 
starting material. This advantage is pronounced , for 
35 example , with respect to ; ah • i 

lineage that includes line : PHV7 8 . Conversely , immature! 
embryos are the pre f er r ed ; ;- eixpl^rit: for some genotypes; 
such as maize inbreds having a lineage including line 
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PHBW8 . Access to both options significantly extends the 
genotype r^ge f or mer;is t em i;; ; transf ormaiLic^ pursuant to.V - 
the i^^ht ion i 

Whatever explant or tissue is ; used as a source of 
5 target c^ 

the present : inventiohr the ! bombarded ceils are subjected 
to a first , nbnl ethal select ion pressure in the ; course of 
• v-g^ratihg plantlets whibh are grown out direct 

I in FIGURE 2) or, alternatively, are subjected to 

i"P ; v : : -: : meristem ; : re6^amizat'ibn,-. Ixiduced ■ mechanical 

hbrrophiaiiY, in advance of a ; second noxilethal selection • 
(course^ II in FIOTRE 2) . ; r ;The aspects bf • nbni^thal 
r selection and induced meristem r eorganiz at ion are 
addressed in greater detail below. 

IS ; ; The developmental fate bf cells within the meristem 

• normally:: is rigidly determined, Thus,i : transf ormat^ 

a particular cell within the meristem typically will 
result in a small transgenic sector made up only of the 
descendants of that cell. Without further manipulation, 
20 such sectors rarely if ever overlap gametophytic tissue 
cta^ development But by targeting cells at 

• earlier developmental stages , as ieecrib^d above , : and 
then applying mild selective conditions in accordance 
with the present invention, i.e., the pressure provides 

25 a growth advantage to transformed cells but is not severe 
enough to impede the overall development- of the meristem, 
then the consequent faster di v 

cells results in the descendent cells comprising a 
greater portion of the meristem. Accordingly, the 
^0 transgenic; se 

: . : .mature : pi ant , • and there; >is-: :> ; greatet lifcelihobd that the 
sector will contribute to ; gelniiline transmission . 

According to one preferred embodiment, a -^selective; 
growth advantage is imparted to t r ahs f orroed cells in the 
35 form of NPTil^ehcoded resist 

or a related compound. It is acceptable, however, to 
• cbxifer resistance to another (by 
means of a streptomycin-resiei^Mce gene, for iris t arice ) or 
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herbicide , for example , by transformation with • the crtl • 
: v:;^-;. : ge&e ;-"\Whi^ . rfesi : stance/;;to riqrf lurazon . ; By i the-, 

sarnie • token, the ; preseiit invent ion conte similar 
non- lethal .strategies which: entail, £^ use, of other 
£ select iye agentis ; such as bialaphos \ arid hygrpmycin, with 
a corresponding, resistance -imparting gene, so long as 
the r e sul t ing ■ selective pressure • retards the growth bf 
non-: trans formed cells relative :to : cells in the transgenic; 

: • \:S'eCtOf •. ' ' 

10 A model experiment in this regard would involve 

exposing samples of isolated meristem tissue to a graded 
series of dilutions of the selection agent in the medium 

of chditce ; aridit^ 

below which the selective pressure favoring transformed 
1:5 cells is not so stringent as to be detrimental to general 
i : meristem development : While this approach typically 
would result in continued meristem growth during 
selection, the present invention also envisages 
i establishing cohditi 
20 ("static dbriciitibns*' ) j which aire punctuated by brief: 
exposure (s) to a higher concentration of selection agent 
("pulsed : selection ") which otherwise would adversely 
affect overall meristem development. 

: As noted above , • cereal transf oirmation: according to 
•:2S' -.Sthe •• . '• present invention optionally involves ■••'..'•.a;; 
reorganization of the meristem;; for example; by wounding 
of the apical dome. While other methods of wounding also 
• result in reorganization r a; jpref err^d method is t.o pierce 
the apical dome using a micromanipulation needle . The 
30 reorganization thus effected alters growth :in the apical 
v dome and , it ha^; been i discovered ; prompts^ a proliferation 
of multiple meristems which, in:;turn/ ^iihance9 
: transf ormat ion frequency and sector size . For example, 
mechanically- induced meristem ; _'.:.>. proli f e ration in 
35 ^ conjunction with selective pressure results in : an 
;; increase in f requency arid size of the transgenic sectors 
observed in subsequent leaves . 
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y Meriscem reorganization • may : pre cede v btoi i £t i c 
treatment, followed by germination and select ion leaidixlg 
to production of chimerically trails formed plants 

(course I). Alternatively, mechanical wounding can be 
" : /.J?*?*?^ • meristems " in^prdw^fco 

effect a proliferation of meristems. When applied in 
this : banner on chimeric meristems/ the sectors can 
^nla^g^ because the rebx^toized meris^ derived 
f rom a smaller number of cells and, hence* , ; the percentage 
L0 of transformed cells in th* meristems is increased . 

: Pursuant to i ; /c^rse ; ; : ; II ' ^(imi- ■ FlfSO^ ' ••• 2 ) - f : - : '' - a 
reorganization is brought about by hormbnally- induced 
shoot multiplication with respect to the developing shoot 
• meristem; of a plantlet selected for the presence of a 
l ? transformed sector . The \ hormbnally i induced- 

reorganization need not be exclusive of the optional, 
mechanically induced reorganization mentioned above, and 
brings about meristem proliferation via shoot 
mul t ipl i cat ion . 

: To effect hormonally induced ^ reorganization, : the 
developing; shoot meristem first is localized, typically 
in a swelling that occurs in the germinated plantlet at 
the junction between the mesocotyl and the epicotyl (see 
FIGURE 2} A section of 2 to 3 mm in size which contains 
25 the meristem then can be excised at the swelling point 
and culture^ on a shoot proliferation medium : of ; the sort 
described, for example, by Lowe et al;, Plane Science 41: 
125 (1985) , and by Zhong e t al . , Plahta 187: 483 (1992) , 
respectively. To this end, meristems typically are 
30 cultured on MS medium with 2 mg/1 BAP (6 -benzyl - 
amihopurine) , 3% sucrose and 9 mg/1 agar ; More 
:: " ; : ^0^eraily> a shoot multiplicatiibn medium will Utilize a 
• cyt^kinin, such as Kinetin, BAP ; ^idiazurori or Zeat in , 
;;'at ;;a ::: concentration between O ; 5 and 10 mg/1 . A low level 
35 pf aiixin also may be required in some genotypes. 
•• ; .-Murashige and Skooge ( MS ) sal t si i aire ade qua t e but probably 
not optimal, in that preliminary experiments using media 
with armoriium 1 eve Is higher t: hari t ho s e in MS resulted in 
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an improved culture response . Additional additives such 
v^-^s .^'thte-:: : ^^ih-'v transport- . vintiibi t<ir , : •;-;TI^,.;-:: : :and :vetj^iei!te 

• ihhibi tors 1 ikej ^ilveir nitrate and t ef ot^ime also appear i i 
to be beneficial. 

5 : : By virtue of its hoxltiohii constiituer^y 

prblif eration. ^ the generation: of : :.a " f ew;-,tio. ,. 

hundreds of: shoots frpm each excised shoot meristem, 
: thereby increasing * the likelihood of obtaining ;a 
subpopulation of shoots, some of which may arise from a 
10 trans f brnied sector • ; : ':. [ Unlike me r i c li rial; ;: : :^;and< : :;: s ec tor al - 
chimeras, which (exhibit a lower prbbability of germline 
transmission, a signif icant a^nd reproducible percentage 
of the resulting shoots are 

hence ;;.: : are,;- : • ^;stabilized: n ':> ; : v. in. ,; the. .^;serise : ' v.' ; that: : ' ; :: : :.gen^tic>.' 
15 homogeneity is promoted within a cell layer, such as the; 

L2 layer, that ultimately contributes to germline 

transmission. 

To identify the aforementioned shoot subpopulation, 

the large population of induced shoots is screened to 
20 .;• ider^ify^i h This'i^is:;- 

• accomplished vr^ 

• •-; • : ;enr xclOTeh t . . ;•• • o f ;. t r axis f ortiied eel Is t hrough t he . use of 
selective agents (i) that bleach normally green tissue at 
levels that do not inhibit: growth or ( ii) that inhibit 
25 growth of non- transformed meristem sectors without 
. significantly reducing viability of the meristemsv •; 

Use of '; an appropriate selective agent at . ; nonle thai 
levels, as described, also provides the opportunity to 
assess visually the Extent : of homogeneity within ; a 
3:0 i ;S4'^^^'fp^ed :; meristem layer. increased time • in culture 
under select ion ^ pursuant to the present invention, 
^shhances the prospect of me r i c 1 inal - 1 o£ pe r ic 1 ina 1 
cbxlversions amd of sectoral -to -homog 

conversions, and also selects for Ll - to - L2 conversions 
35 which, through a shift in position, ultimately contribute 

;tb it he;' , 

From the preceding comment is apparent that one 

aspect of the present invention relates to -forcing 
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:- : - is - ••; - ; ' .. : . 

meristem reorgani zat ion . before bombardment, after 
bombardment or both, by suppressing cell growth through 
se^ctiye • wounding . • of ••; . the; . Epical ' . dome * iprponpt ing • 
genera tipn of mul t ipl e me or by eoqpds irig exc i s^d 

5 meristems to hormonal stimuli likewise leading to 
; \ -.trwlt ipl^' meristems , • '. albeit in J the form of ^T^lifki^e^: 
shoots. According to yet another preferred embodiment, 
: : ; the' ■ ^^lij^^.l^ . of , '; ia : tr^sf ormed pl^ti^t:; .^60^i>e- 
dissiected : but * from just abov£ : a leaf base , when a 
10 chimeric sector is observed in a substantial portion of 
that leaf • The isolated axillary bud represents an 
additional meristem that can be grown into a whole plant , 
or taken through a brief cycle of shoot multiplication as 
described, thereby to obtain a more homogeneously 
15 ••. transformed plant V 

The purpose of this approach, as for the others 
discussed above , is to increase the frequency of germline 
transmission. Thus, if a transformed sector runs through 
more than one leaf, it should be possible to "capture" 
•2p.';.', : :th|t: transf oration ey«it In'^ bud, l--i^e^ 

convert a transformed mericlinal or sectoral chimera into 
a periclinally or homogeneously transformed shoot, [ 

Anbt:her method of stabilizing transgenic sectors is 
to induce tillers in the transformed plant. In those 
25 cases in which transgenic sectors are limited to the 
lowermost leaves or domains of maize 'plants'; tillering is 
induced to stabilize these transgenic sectors. 

By means ; of the present invention, a wide ; rarige of 
• cereal varieties :.;!.cah •••."be transf ormed ; st^iy, ; iih 
; 30 genotype -independent <j^a^^^e^. 'the S:f irst^ 

maize, for example, this means that elite lines which 
were previously inaccessible to transformation 
characterized by transmissi imparted trait Cs) to 

seed progeny now can be 
35 various phenotypes iof agronomic ' interest^-. -/;TKe :-; genes; 
implicated in this regard include but are hot limited td 
those categorized b^lbw. 
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I. Genes That Confer Resistance To Pests or Disease And 
Thgt; Encode; 

(A) h 'Bacillus thiirin^ensis protein # • V de^iy^t iye : 
thereof or : a • synt he t i c po lypep t i de modieled 

5 • thereon. - See; for example , .: Geiser et/al ^V^Gene- 

48: 109 (19 86 ) / who disclose the clbiihg and 
nucleotide; sequence of a Bt : 6 -endotoxin gene* 
Moreover, DNA molecules encoding 6 -endotoxin 
genes can be purchased from American Type 
10 Culture Collection (Rockville, MD) , under ATCC 

accession Nos . 40098 , 6713 6/ 3 199 5 ahci : 319 98 . 

(B) A lectin. See, for example; the disclosure by ; 
Van Damme et al. , Plane Molec. Biol. 24: 825 
(1994), who disclose the nucleotide sequences 

15 of several Clivia ndniata mahnoserbiriding 

• lectin;. gene's:.- 
• '' (C) A 'y-i t amin - b indihg pr o t e in such as a vidin . See 
U.S. patent application serial No. 07/911,864, 
the content s of which are hereby incorporated 
• 10 . . . by reference . The applicat ion teaches : the; use . 

of avidiri and avidin homologues as larvicides 
against insect pests . 
■y- "•■-•.(D) An enzyme inhibitor^ for example, a proteasie ; 
inhibitor or an amylase inhibitor. See, for 
25 example, Abe et al. , J. Biol. Chem. 262: 16793 

(1987) (nucleotide sequence of •: rice cysteine 
proteinase inhibitor), Huub et al., Plant 
Molec. Biol- 21: 985 (1993) (nucleotide 
: secpience of ciDNA ehcodihg tbbacca proteiiiiase^ 
30 inhibitor I) , arid Sumitani et al. , Biosci . 

r Biotech. Bibchem. 57: 1243 (1^3 ) (rm 
ae 

, inhibitor) . 

: (E) An insect - specific hoTOon^ or pherbmone "ysttc-K-'ai 
is ah ecdysterbid arid juvenile hormohe^, a varidrit 

>": : r : : thereof , ;. a mimetic based therebn> " or an 
• ant agonist or agonist , thereof : See, for 
example , the disclosure by Hammock et : al . , 
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' ''Natjire;^':- : 34 : 4 : :• /. 458 (1990) , of bacuIbViru^ ; . : 
expression of cloned juvenile hormone esterase, 
: -'ixiaqtivator : £f •/> • 
• (F) An : insect : /peptide: •. or.;^n^r^ept^ 
5 which, upon expression, disrupts the physiology 

: of the affected pest*: For example, see the 
disclosures of Regan, J. Biol, ; Chem; 269 
(1994) (expression cloning yields DNA coding 
••: '•• }:f or /-Insect : T<diuaretic'- hormbriej r e cept or ) , ■■ and • 
ip ''.y. Pratt e t w Biochem ; : 

1243 (1989) (an allostatin is identified in 
Diplopt era pun ca ta ) ♦ See also U.S. patent No. 
5,266,317 to Tomalski et al M who disclose 
genes encoding insectKspecific , paralytic 
15 : neurotoxins* 

; (G) An insiect ^ specific by 
a snake, a wasp, etc* For example^ see Pang et 
al. , Gene 116: 165 (1992) , for disclosure of 
heterologous expression in plants of a gene 
20 coding for a scorpion insectotoxic peptide. 

(H) An enzyme responsible ;tf 6r#an:! hyperaccumulatib^ 
Of a : moriterpene , a sesquiterpene , a steroid, 
hydrbxamic acid, a phenylpropanoid derivative 
or another non-protein molecule with 

2"5"": ::: - Insect icidal act ivity . 

(I) Aii:; enzyme involved in the modification/ 
including the posit - t ranslat ional modification, 
of a biologically active molecule ; for example, 
a -glycolytic enzyme a proteolytic enzyme , a 

30 lipolytic enzyme , a nuclease , a cyclase , a 

transaminase , ah esterase , a hydrolase , a 
phosphatase, a kinase, a phosphorylase , a 
:-^pblymierasev; an elastase, a ctoiti^^ 
glucanase, whether 'natural : or iy^t lte tic ; ^ 'See 

35 ; •"; PCT- ' (appi-ica t ion • • WO 93/02197 in the name of 

•Scott et al., which discloses thb nucleotide 
sfecjuence of a callase gene; 

which coritaiin chitinase-ericoding sequences can 
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be obtained, f or example , r from , the . ATCC under. : ' : 
;&jqG.es?i 67152. See also 

Kramer ec al. Insect Biochem. Molec; Biol; 23 : 
691(1993) , who teach the : nucleotide sequence 
of a cbNA encoding tobacco hqok^ 
and Kawalleck et :al Plant Mdlec i Biol; 21 : 
673 (1993) r who provide the: nucleotide sequence 
of the parsley ubi4-2 polyubiquitin- gene. 
A molecule that stimulates signal transduction. 
For example; see the disclosure by Bdtella ■ &t; 
al., Plant Molec. Biol. 24: 757 (1994), of 
nucleotide sequences for mung bean c ailmodul in 
cDNA clones # and Griess et al / Plant Phy&ioli \ 
104 : 1467 (1994 ) , Who provide^ 
sequence of a maize calmodulin cDNA clone.- . 
A hydrophobic moment peptide^ See U.S. patent 
applications serial No. 08/168,809 (disclosure 
of peptide derivatives of Tachyplesin which 
inhibit fungal plant pathogens ) and serial No . 
08/179,632 (teaches synthetic antimicrobial 
peptides that confer disease resistance) , the 
respective contents of which are hereby 
incorporated by reference. 

A membrane permease ,- a channel former or a 
chatnnel blocker. -Flori'; example r • ;Wi$e ;■ the 
• disclosure iy • :Jayx&&Set :: 'a&i -^^Ism^^c^^S : 43 
(1 993) ,"; ;-of heterologous expressibiv • of a 
cecropin-0 lytic peptide • ^a&^6$<:+£c>;c- rendier 
transgenic tobacco plants resistant to 

- Pse^ ■:■ 
A viral -invasive protein or a complex toxin 

: ^ : ;-<ieriv0<i.' :: . : • therefrom. ' : ; ' ^ ■<)-^pr]l example, • • the., 
acicumulati viral ; cbiat proteins in 

trans f ormed : pi ant eel Is imparts res to 
: yixral ^linfectiph;' and/pr disease deyelbpmerit 

: effected by the virus f rbm; which the coat 
protein gene -is deriyM : as by re 1 a ted 

viruses. See Beachy et al., Ann. Rev. 
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Phytopathol . 28 : 451 ( 1990 ) . - Coat protein - 

; : \ : mii^^ has been ' pqxi£ eCTedi^uj^n-^.." 

transformed plaits against 

virus; cucumber mosaic virus, tobacco streak 
virus /potato virus X , potato virus 1, tobacco 
etch virus* tobacco rattle virus and tobacco 
. mosaic Virus . id. :. 
(N) An insect - specif ic ant ibody ; or an ; immuriotp^ 
derived therefrom. Thus, an ant^ddy- targeted; 
to a critical metabolic function in the insect 
gut would inactivate an affected enzyme, 
killing the insect. Cf. Taylor et al., 
" Abstract #497, SEVENTH INT'L SYMPOSIUM ON 
MOLECULAR PLANT-MICROBE INTERACTIONS (1994) 
(enzymatic inactivation in transgenic tobacco 
via production of single -chain aiit ibody 
fragments). r yf:'- 
(0) A virus-specific antibody. See, for example, 
Tavladoraki et al . , Nature 366 : 469 (1993) , who 
show that^ triansgenic plants expressing 
recombinant antibody genes are protected from 
• :• virus, attack . 
(P) A develop iye pr^e^ in 

■:: .>nature : - : :.by : q3T;' : -' : a , parasite';-. ■ : Thus, 

fungal endo a-1, 4-D-polygalacturonases 
facilitate fungal colonization and plant 
nutrient ' : release • ;by sdlubilizing plant cell 
; w et 
• al . , Bi6/Technplo 10 : 1436 (1992) . : --The. 
c loning and charac t er iz at ion of : a gene which 
encodes a bean endopolygalac-turonase- 
inhibiting protein is described by Toubart et 
al., Plant J. 2: 367 (1992). 
(Q) A deyeippmiBntal-arre protein produced in 

nature by a plant . For example ^-fi^nm^ii:. e t 
^1.1 Bici/Tdchnpiog^ 10 : 305 Vl 
that transgenic plants expressing the barley 
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ribosotne - inactivating gene have an increased 
resistance tb fungal disease. 

II- Genea - Th»t Confer Resistance To A Herbi c ide . For 

;;Exainp^; :;; 

,5" • • - : . ^Aj" ^ y '^fie^id:i^ '.that, inhibits -.the growing ^piht oif'-. 

.meristem, such as an imidazalinorie or a 
rsulfdriyiurea. Exemplary genes in • this category 
■-■ code • ,. : ;;f or . : mutant AJuS -. -and". Ali^ '.. : :'as '-,' 

•described, for example, by Lee et al. , EMBO J. 
10 7: 1241 (1988), and Miki et al., Theor. Appl. 

^ Genet. 80 z 449 (1990) , Respectively , : 
(B) Glyphosate (resistance imported by mutant EPSP 
synthase and ; : aroA genes, respectively) and 
other phosphono compounds such as gluf osinate 
15 : : and bar genes) ; and pyxidinoxy or phenoxy 

propr ionic acids- and eye 1 o shexone s ( ACCase 
inhibitor -encoding genes) ; See, for example, 
U.S. patent No. 4, 940, 835 to Shah et al., which 
; discloses : the nucleotide sequence of a form of 
' : ;EPSP''.;which. : can conf er gl^hosate resistance . 
A PNA molecule -'encoding;', a ,: mutant ^k^A^gene^ caii-- 
be obtained under ATCC accession No. 39256, and 
•1'v/' ; -.the :; nucleotide sequence of the mutant gene is 
disclosed in U.S. patent No. 4,769,061 to 
25 ; . ; Cbmai . European patent apjpiicat ion; No . : 0 333 = 

033 tb: Kumada et : : :kl> : and U.S..-: patent No. 
4> 975 , 374 to Goodman e t al ; . disclose nucleotide 
sequences of glut amine synthetase genes which 
confer resistance to herbicides such as L- 
30 • :; phosphiiibthxicin . The; nucleotide sequence of 

.... a. phosphinqthricin- acetyl - transferase gene is : 
provided in European application 

. No 6 : : 24i ,24 6 to Leemans, ,et-al^ :■ De : ^GreeI;; ; : 
et al . , Bio/Technolocfy 7 : 61 (1989) > 
35 describe the 'production of "transgenic 

- plants , that exprM genes 
coding . : '.fdr : phbsphinothric^ ; .v^acetyl ; ;' 
transferase activity . Exemplary of genes 
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conferring resistance : : to ' ; :: p^rioxy: 
prpprioriic _ acids aiid ; cycles ;■• isuph '<t 

as sethbbcydim and halpxyf pp > are i the Accl^ • 
SI, Accl-S2 arid Acer! +S3 genes described by 
Marshall et al r / rhebr. Appl . Genet . 83 : 
435 ( 1992); W- 

A herbicide that inhibits photosynthesis, such 

as' : "^■■■^..triay^e'' ^{ps^ 

benzonitrile (nitrilase gene) . Przibilla et 
al. , Plant Cell 3 : 169 (1991) , describe the 
trans formation of Chi ainydomohas with; plasmids 
encoding mutant pabA genes. Nucleotide 
sequences for nitrilase genes; are disclosed in 
U.S. patent No. 4,810,648 to Stalker, and DNA 
molecules ^bntainirigf these genes are available 
under ATCC accession Nos. 53435, 67441 and 
67442. Cloning and expression of DNA coding 
for a glutathibrie SStr 

Hayes et al . , Biocheni. J. 285 : 173 (1992 j . 

V * lue -* dded Trait . Such As t 
: Nutritional^ enhancement , as illustrated by 

. ; : • CI) . •:; : Highe r ly s ine content : " ; A cere al such 
as; maize could be transformed with a 
gene that increases lysine content, 
making the cereal nutritiorially more 
Complete and t he reby ?e iimina t ing nee d 
' • for added lysine , y : t or example , ;.:-:in- 
•..poultry' Tand. swine.", feeds ; \ " 
• (2) Higher methionine content: A gene 
\roulci be added to incr easet me t hibhine 
levels in a cereal crop to offset an 
overall low methionine content, for 
example, in a poultry feed which 
combines lower - and higher ^ihe t hi onirie 
components such as soybean aiid maize , 
respectively . 
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. ' (B) \- pfebreased petite content .;• : ; 

, : (i) " Introduction ' .b£.':' :: a- : p hy t as e - e nc bdirig 
gene would enhance^ b 
phytate, adding more free phosphate 
p5..;-; 't;o '-the'-; tr^sformed: 'cereal.- • : 'For • 

example, see Van Hartirigsveidt ' iet 
ial", Gene 127: 87 (1993), for a 
disclosure b^t 

of an Aspergillus niger phytase gene, 
ptO "<: ■ . (2) ••. A gene . "could "'be- V ihtrbduced ,;/that".; : 

• .reduces*,. phytate content . This could' 
be accomplished, for example, by 
cloning and then re- introducing DNA 
associated with the single allele 
15 which is responsible for maize 

■V • mutant s • ctiaracteri zed by i low' 1 eve Is • 
of phytic acid . .' : See Raboy et al . , 
Jteydica 35 : 383 (1990) . 
(C) Modified carbohydrate composition effected, for 
20 example, by transforming maize with a gene 

coding for an enzyme that alters the branching 
pattern of starch. See Shiroza et al. , j. 
Bacterid. 170: 810 (1988) (nucleotide sequence 
of Streptococcus /nutans f ructosyltransf erase 
25 gierii^) , Steinmetz et al.,MolyGen. Genet. 200: 

220 (1985) (nucleotide - sequence of /Bacillus 
■ subtilis . levansucrase • gene) , . Pen • et . al. , 
Bi o/Teqhn61o<gy lb: 2 9 2 " ( 199 2 ) {production of 
transgenic • plant s thai: express:-;. " Bacillus 
; 3;f) ; licheniformis arainyiase) , Elliot et ai. , Plant 

! Molec. Biol. 21: 515 (1993) • (nucleotide 
sequences of tomato invert ase genes) , Segaard 
•i ,e:t al . , J. Biol , Chem. 268 '••:' 22480 (1993 ) • (site- 
directed mutagenesis of barley amylase gene) , 
3i5 and Fisher et al.; Plant Physiol. 102: 10AS 

(1993 ) (maize endosperm starch branching Enzyme 

iS^;^vP^":V ; .■ • it). \ f . -,.::\^,^ 
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Synthesis of genes suitably employed in the present : 
invention can; be effected by means of mutually priming/ 
long oligonucleotides. See, for example, Ausubeletal. 
■r:^V : : {£ds.>, CURRENT PROTOCCSLS IN MOLECULAR BIOLOGY, pages 
5 8 .2.8 to 8 .2 .13 {Wiley Ihtersciehce 1990 ) ,- and Wosnick et 
ai., Gene 60: 115 (1987). Moreover, current techniques 
which employ the polymerase chain reaction permit the 
synthesis of genes as large as 1.8 kilobases in length. 
See Adang et al . , Plant Molec. Biol . 21: 1131 (1993) , and 
10 Bambot et al., PCR Methods and Applications 2: 266 
(1993) . 

' v Maize lines that can be transformed via the present 
invention include, among others, inbreds that are 
employed in produc ing commercial hybrids . These inbreds , 
15 both proprietary and publicly-available, span many 
heterotic families. The preferred representatives within 
the ; het erotic groupings , and the relative use of entire 
heterotic patterns , vary with the market in question. 
For example, different germplasm is favored when breeding 
20 for the continental United States, including different 
geographic areas of adaptation (for example, the South, 
the East, the West, the North and the Central Com Belt) , 
for Europe and for South America; as well as for other 
international market's... ;:• . 
25 Callus -mediated methodology is unsuitable for many 

inbreds which do not produce the required callus response 
or which provide callus that grows in a manner rendering 
the methodology unusably inefficient ( "recalcitrant " 
inbreds) . Accordingly, such methodology has been limited 
30 to a large extent to transformation of a few genotypes, 
such as, in maize; A188, A188 x B73, H99, Pa?l, FR16 and 
genotypes obtained via a cross involving one of these 
genotypes. By contrast, meristem transformation pursuant 
to the present invention is applicable to any line, 
35 regardless s of how that 1 ine responds to callus -mediated 
transformation. Thiis , even ciereal lines heretofore 
deemed re cai^ transf btTned 

stably via the present invention. Illustrative of the 
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; miiiz^ iribreds th\is af f ected \ : :vire^ :: 4pOT47-:^ PHP02i ;PHV78 , 

; PHK29, PHJ3 3 , PHP6 0 , PHN73 , arid. PHHV4 U ■' : J : i : By ^Vth^- ^aite 
token; the present invent ion should : be applicable to 
5 newly-developed inbreds and -to rijew "hete'rbtib groups Which 
are created through the combination of existing; 
germplasm, including • <• exotic" material brought into 
: b^eejii^g prqgrams "■/ from - sources ':-iri- ;the-: -tropics 
elsewhere . 

10 According to a preferred embodiment, therefore, the 

present invention contemplates a transgenic plant that 
belongs to a cereal line that is recalcitrant to callus - 
based method transformation- Conversely, another 
preferred embodiment encompasses transgenic maize plants 
:: - --'V ::v-^?" L t : ;are\:;hot/ produced by transformation of A188, A18B x 
B73, H99, Pa91 or FR16 . In this context, the phrase 
"cereal line" denotes a group of gramineous plants of the 
SV^ -family Poaoideae which display relatively little 
variation between individuals with respect 'to more than 

20 one distinctive trait, generally although not exclusively 
by virtue of several generations of self-pollination. 

the term "line 11 here is used sufficiently 
broadly to include a group of plants, vegetatively 
propagated from a single parent plant, via tissue culture 

25 techniques.) A plant is said to "belong" to a particular 
line if it (A) is a primary trans formant (T 0 ) ; plant 
regenerated - from material of that line or (B) has a 
; pedigree comprised of a To jplant; of that line. In this 
context , the term "pedigree" 5 denotes the lineage of a 

30 plants e*g. , ; in terms of the sexual crosses effected such 
•that' Xa'^gerie <pr -;a : - combination of ;ge 

(hemizygous ) or homozygous condition ; imparts a desired 
triait to tlie plant .^^^^^^^^f 

The present invention is further described in the 
35 following examples / \ which are iilustratiy^ 4 only In 
carrying out the examples, a general procedure waer 
followed f or biolistic trarisf brmat ion , According to this 
procedure , 60 trig of 1: 0 to 1:8 jim : tu^^ 
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v { squrc&r- <3£h£ra;l \H Eledtric)-. .v^were?^ 

minutes on ice . After ceritrifug^ti^ 
remove HNO,, l ml of sterile deionized water was added > 
• •'5' •• . followed : ' ';• fay:;".:'V,a; :; V: -brief" V.so^datiotf:": and i further 
cehtrifugation. This water rinse was repeated twice , 
. -Rafter, which the "waiter • wa s removed arid 1 : rhi; : pf ;jl p p % EtOH •:" 
was adcted . ; ;: The particles- W6r eK r e siis^erid^ii: : ;by : :s ohi ca t i6h ; 
arid ••.the; EtOH '"rinse.-; was Repeated Af ter : ' the . addition ; of - : 
ip • ;. • : " "l ' . ( ; icfiL of ;.. . :: ;sterlieV : " : "^'de ionized ■: • •" waiter 1 •'.;andi: , : : ' : a : ' . ; further 
spnication/ four aliquotes bf the resulting suspension 
(250 ill each) were pipetted into separate tubes (2 ml 
volume). Sterile, deionized water (750 fil) was added to 
each tube, which then could be stored at -20°C. For 
15 purposes of DNA preparation; 

50 fil of the sonicated tungsten microprojectile 
suspension were pipetted into a 1.5 ml tube, to which was 
added 1 to lb jig of the foreign DNA. After mixing, 50 /il 
of 2.5 M CaCl 2 solution were added and, with further 
20 mixing, 20 pi of 0^1 M spermidine also were introduced ♦ 
The resulting composition was mixed, sonicated, and then 
cehtrif \iged for about ten seconds . After the supernatant 
was withdrawn and 250 /xl of 100% EtOH were added, the 
cpmposition again was sonicated and centrifiiged, and the 
25 supernatant was withdrawn. Finally/ 30 jil of i6p% ;EtOH 
solution we re added t o the compos i t ion , whi ch thereafter 
; : : : 'was -us.e.d, in a 5 /il aliquot per shot / with rupture disks 
•ranging from 200-1100 p. s.i^ 
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Example -1 . TRANSFORMATION WITH NON- LETHAL SELECTION 

: . (A) ■ , Eyal Lo tion of Maize His tone Pto^tet : iMi^d^b6^ 

Ears of a proprietary maize genotype, designated 
5 VNIOOOO": for purposes of : this description , were harvested 
seven days after pollination at the early coleoptilar 
stage of development. Harvested ears were surface- 
sterilized in 50% Chlorox with Tween 20 for 20 minutes , 
and then rinsed three times with sterile ! deipnized water . 

L0 Kernel tops were removed with a scalpel and embryos were 
dissected from endosperm. . Sixty- seven embryos were 
placed axis side up, 10 embryos per plate, onto 
maturation medium (MS salts, 0.1 g/L n^dinositol , MS 
vitamins, 0.5 mg/L zeat in, 150 g/L sucrose, arid 6 g/L 

15 Sea-Kern agarose; pH 5.6 prior to autpclaying) . Embryos 
were incubated/ overnight ait 28 °C in the dark before 
bombardment. 

In these studies, embryos were transformed with 
plasmids DP6212 and DP3953 : i DP6212 contains the 

20 2xhistphe-i43 promoter, the first intfon of the maize 
ADH1 gene, the nptll gene encoding neomycin 
phosphotransferase (NPTII) , and a 3' transcript 
processing region from the Proteinase Inhibitor II 
APinll) gene; of potato. DP3$53 contains the ubiquitin 

25 promoter, the first intron of the uJbi genie , the genfe 
encoding; 0 -glucuronidase (GUS) , and a . 3' transcript 
processing region from the PinU gene . Embryos were 
bombarded with DP62i2 and DP3953 , mixed at a liL ratio, 
at a concentration of one 1 jug of total DNA per tube of 

?9 ; acid-washed: tungsten particles^ This concent rat i on , at 
ten times less than the standard, was optimal for 
yielding transf ormants with more uniform GUS staining 
patterns and yet; having no detrimental effect on the 
function of the selectable marker or the frequency of 

35 transforation. 

: Pursuant to the abbye-discussed biolistics protocol, 
: th^ particles were delivered as five Sffil shots per 
tungsten tube , using a PpS-1000 Helium gun with 1100 
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:.'|^p ^pfeuare;. disks:.. . .;• Kil V: : err^rybs :-rpce£^d:y: : : !Qrie: : : 
: bombardment: per. plate:. 

After bombardment; embryos were maintained at 28°C 
; : : in the dark for seven days oii Matura^ 
: 5." then were transferred to 272K shoot elongation medium (MS 
salts, 0,1 g/L myoinositol, MS vitamins, 30g/L sucrose, 
. : ^^/^ gelritte)^ 

sulfate as the selection agent . Embryos were incubated 
in the light atv ^ time of ■ tyauasf er , '::-;-em]bi^jB? 

10. hid elongatfed cotyledons . 

At two, three and four weeks after bbmbardmeht , 
recovered plantlets were sampled and analyzed for GUS 
expression via methodolbgy described by McCabe et al . ., 
Bio/Technology 87: 923-26 (1988) . Leaf tips were placed 
15 in about 200 pi of histochemical stain and allowed to 
:'T ; iik:iibate. 'at 37°C overnight in the dark to maximize GUS 
expression. Data from the first and second leaves are 
summarized in the following table. 

Table 1 .' 

20 Gt7S Activity in 

ftPlflntg Analysed t<SZ§_± GUS Sector Type 

1 9 6 half leaves 

2 • 8 5 half leaves or 

••' spotty 

.25 3 9 4 • linear sectors 

4 -: 9 6 • half leaves or 

..'•spotty^ 

5 7 3 linear sectors 

6 11 2 complete staining 



^ny plantlets showing positive sectors were 
transferred to culture t ul>e s corit ainirig shbot elongation 
medium that did not contain tobramycin ... Each new leaf 
was e that were 

35 consistently positive for GUS were transferred to the 
greenhouse for maturation when root development was well 
estaJDlished; Plants that stopped expressing GUS were 
observed f br pheriot charxg^s, i . e , , necrosis bleaching 
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x or general lack of growth, Whi ch indicated that ah Escape 
. .::f rom : : selectipn had occurred. :'X • Plants With ;:ihcxt^l :; : 
. : 'v;; phenotyp 

" NPTIl ELISA -v)cit' : ' ;:available /if ro^-.-^*,-;-^ ; Inc ; # 56(i)3 
5 ^apahpe Rq Boulder, CO 80303 (catalog No, 5307-661- 
514) • Positives were transferred to the greenhouse. 

Transgenic plants maturing in the greenhouse were 
sampled for GUS actiyity : qr^^TI I> : protein! inl;each-.; : ;newi:; 
: j,l^t^ax^^in- : tassel • and - : ear;' •tissues^ 
10 expression pattern in each plant. Pollinations were 
completed as seifs or as sibs. Eight to ten days after 
pollination, ercibtyos were; rescued by : harvesting arid 
,. v : surface sterilizing the ears, : era 

placing the embryos on shdot elongation medium for 
15 germination. (This procedure was not required but was 
preformed to accelerate the analysis" process . ) Tl leaf 
tissue was sampled for GUS histochemical assays and 
painted with 2% kanamycin sulfate in 0.2% SDS buffer to 
verify t r ansmi s s ion of the trans^ehes ; Samples of mature 
20 leaves were harvested from the TO transf qrmarit for 
Southern analysis to further characterize the 
transformation. 

i: Histochemipal analysis J of one -Niopob plant, 
designated w 2-4 ,; H ^:d that GUS was expressed in 

25 leaves, silks (primary ear) , primary ear husks and cob, 
and central spike and branches of tassel. In addition, 
Southern analysis confirmed the presence of the NPTII 
structural: g^ leaf t i s s ue tiarve s ted f r om the mature 

Ro plant. Segregation of this hybridizing band 
30 correlated with NPTII -positive ELISA results in this 
plant .\-;: ; : ; :itoalysi'is • of . the central i ;s t a l k : /also;- showed .$ ■ GUS- 
expression in epidermal layer of adventitious roots and 
in a vascular bundle of the central stalk. 
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(B) Ti^^f ojntnatibn of Maize iSnea wlthy$fa? 
Lethal Selection 

Experiment s were perform^cl to determine, f 

efficacy of non-lethal selection in a variety of maize 

5 genotypes y Genotype N100 Op and severa 1 other ; propr i e t iry 

genotypes > designated "P100O0; " "WZOObO; ^! ^ElOpOdV? 

^raPb2 n and "R20000, n respectively, for purposes of this 

: description, were transformed with plasmids ;pP6212 and 

DP3953; as despribed above. Table 2 below enumerates data 

10 showing that the non-lethal selection method is 

applicable to various maize ; lines, based on "cb-v 

transformation experiments where the expression of the 

second nonselected gene was used to assess stable sector 

.'• frequency and size, 

Percmpa&of;P 

Ge rmin ation on Noxxlethal Selection Medium 



BroCtlTMfflt N100PO P10000 W20000 BIOOOO PHP02 R20000 
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(C) Eya$tation^ 

When Meriatem Reorganization Is Effected 
by Mechanical Disruption of Ajpical Dome 

5 ; Ears : " pf genotypes E10000 and W2 6:000 Were 

haryested at the early coleoptilar stage of deveiiopmeiit 
arid at 11 and 9 days, respectively, after ppliinatioh.: 
.;. ,• One hyndr^d and : s ixty embryos were , ispli tedv aihd • ' 
incubated on ; maturation medium, as ' Sesbti^^ 

L0 The; apical dome of several embryos was disrupted V 

P.^iprv to force the meristem ..tbv 

reorganize and form new meristematic areas. 
Mechanical disruption was performed by means of 
micromanipulation needles, ranging from 0 • 5 /im to 5 fim 

L5 in diameter, which were attached to a World Precision 

Instruments M3 3 01 micromanipulator Needle penetration 
of each embryo was effected in the center of the apical 
dome to a depth ranging from a few microns to a few 
hundred microns, depending on the morphology of the 

20 embryo (embryos with a larger scutellem will tolerate 
deeper penetration) . The preferred targeted depth of 
penetration was between 50 jim and 150 /xm. Embryos then 
• : Were boiihbarded; with NPTII and GUS / constructs^ r-:as '' 
described above . 

?5 Embryos were maintained in the dark at 28°C for 

seven days on Maturation Medium and then transferred to 
272K medium ^containing 150 mg/L Tobramy din sulfate. At 
time of transfer, embryos had multiple meristem 
formation : with elongated cotyledons. Embryos were 

30 incubated in the light at 28°C. 

-At :,;^WP# three and four; weeks pbst-boi^ardment, 
f i r st aiad 1^ leayies ; of 'recbyerkd - ^ w£re'. '"' 

ana.ly:zed for GUS expression by hisftpchemic 
Taile 3 shows the results of GUS assays, aa well as 

35 bbservatibns on meristem format ion. 
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Effect of Mechanical Disruption on 
TriMisforniatibn Ef^idiency and j&tt 



Manipuiatipn li 



none 



60 



* New 

Meristiema 



Plants 

45.9% 

[17/37 ianalyase^J 

[3/ 8 analyzed] 



10 



These data demonstrate that the mechanical 
disruption of the apical dome r^ 

format ion arid a higher f requehcy of trans format ion • In 
addition , mechanical disrupt ion provided a more 

15 continuous GUS expression pattern in relation to non- 
manipulated plants , which displayed a narrower , more 
spotty pattern of GUS expression; Thus> meristems not 
disrupted frequently exhibited leaf tip GUS expression 
only; whereas most of the meristems that Were disrupted 

20 showed wide, continuous sectors in leaves i 

Example 2 . TRAMS PORMHTIOM WTTH SHOOT Mni/rTPI,Tg^TTQM 

•• (A) •• General Methodology 
.■/y-Bi&j^bs at the .cblebptila^ 
and cultured . ; s cii t el lum s ide down 6h iak eiiibryo ; 
25 matiirat ion medium (10^20 entombs/plate) . Since there 
can -be considerable seasonal and geriotypic variation 
af lectin^ 

size or days after ppliinait ion, was monitored ; 
caretfixliy. ; 

30 Et^ryos typically were matured 

medium containing 0 .5 mg/L zeatin, 1 mg/L indoleacetic 
acid, and elevated sugar 1 eve 1 s whi ch s e rve as an 
psmo t icum ;.' The embryos were cultured f or a period 
ranging from 0-48 hours post • isblatiori , with 12-24 

35 hour si being optimal. Meristems then were bombarded 
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with genes conferring kanamycin or streptomycin 
resistance , along with oth^r nons fleeted genes , siich ; as 
ag'rbnpmic; or iviaual marker : genea.. . : 

; After bombardment , the embryos were cultured in 
5 the dark to promote germination. After one to two 

weeks, the embryos were moved to a germination medium, 
: such as hormone -free or low- hormone MS medium. The 
: : ; -ge™inat:ed;plantletS;:giBne 
. jiuiction bet:^ mesbcotyl ..cuid^epitip 

10 "y swelling occurred in- the region containing the ■ 
•v : vdevelippihg'y : shbot meristeml 
-;;:\-fj^MA&ifo •••tpAtliree millimet^ 
< ,; v^^merx^tem Jwierfe ^3ccii3<efd - aizid cultured on a shoot 

proliferation medium which contained the appropriate 
15 hormones and a selection agent. The sections were 

regularly trimmed of elongated leaves and transferred 
"•" 'to fresh medium every 10 to 14 days.j Cultured 

meristems were incubated at 28°C in the dark. After 
•three to nine weeks, the proliferating meristems were 
20 transf erried to an illuminated culture room; 

Transformed sectors were identified one to two 
. " weeks::. ; af ter culture Iri i the light based on their .^gree'h; 
phenotype, i.e., nontrans formed tissue remained 
^ 6 

i i25 ; /) rBgeri^r^ed by lowering the ^ 

• although: in; some gehopypes cytpkinin - concent rations^ ; 
yere ■ increased to promote plant re^ •. .:' 

' regenerated plants sometimes -i-haye-v diiliw 
; rooting was promoted by culture on SH medium with ; 
30 1 itig/l NAA, or by nicking the base of the stem and 
dipping the shbpts in a 1 mg /mi NAA solution. 
(B) NPTII Tranafor^ 

One hundred eighty coiebptilar- stage maize 
embryos of the Honey anci Peaxrl variety were 
35 nine days after pollination. The scute 11a of the 

isolated embryos averaged 0 .48 mm- in length. These 
embryos were placed on etrfpryo Maturation 'Medium (10 
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axid - : cu It jir e d bye r high t : in ;;the jda^kv: . • 

'•: ;;-at: 28 :o ;C. ; 

Six^ embryos were bombarded 

; ; tWice accord •' 
5 plasmid DP551, using 1.8 Mm t\ingsten particles at a DNA 
• of C; : t^gsten-, • ;'H'Piasmid^ 

' terminator, as well ^;MJHiritroh 1, jWOTI.gene,. Pinll.' 
ivterroinaipxT:. ■: ''^ :: fioth^GEI^:' arid^J^ are regulated by 

10 35S GaMV sequences • Plates containing these embryos 

; ; W^r^";;c\xl'tU2red and ; - matured in - the'; dark ;at ; ; :;2B * C; : "J Eight " • 
.:• d^sy::iater r ;. ; .'kS- : f ew'i. : .'6;f embryos y. yiev^,:^ac^^^n< ' X-Gluc . • 
hist ochemic<ai stain. All embryos contained intense 
blue staining, indicating GUS activity. 
15 Most of the embryos had germinated nineteen days 

after particle bombardment. At this time, the region 
containing the meristem and leaf primqrdia was excised 
as described above and cultured on agar solidified MS 
medium with; 2 mg/L BAP and 50 mg/L kanamycin . Leaf 
20 tissue was stained and chimeric blue staining sectors 
. v were observed- in exght; o£\ the sixteen plates . The 

regidn containing the meristem was trimmed of elongated 
leaves and transferred to fresh medium every 10 to 14 
days. Twenty six days after bombardment, the level of 
25 kanamycin was increased to 100 mg/L. Proliferating 

meristenis were transferred to the light a week later . 
These experiments produced three independent 
transformation events . Two of the transf onriahts have 
^>een characterized by PGR /GUS staining, NPTII ELISA ; 
30 a^ euialysis. - ; One ; : ; of- . t he se event s .'. ' . 

exhibited strong GUS activity and M 
. ' ;-proteiil; the Tl and T2 generations ; from this event!: ^t- 
were used for subsequent analysis. Progeny displayed a 
co^ isegrega t ing , ■> l-to- 1 ratio f t er • : but cross iiitg • bis ed 
35 on ^,'bqt;h';OTS activity and NPTI I ELISA r e sul t s ; ( see Table 
4) consistent with Mendelian inheritance of the 
integrated genes. Integration and segregation of the 
tiPTil gene , which correlated with pbs i t ive ELISA 



WO96/04392 PCTAJS95/0^77 

, ;• results , were demonstrated through Southern > analysis .of 
T,: plants . • 

(C) aadA transformation of Honey and Pearl 
Coleoptilar stage Honey and Pearl embryos were 
5 isolated and cultured on 288B medium: (MS medium with 
0.5 mg/1 zeatin, lmg/1 IAA, 0.25M sorbitol, and 4% 
sucrose solidified with 3 g/1 gelrite) . Eight plates 
with ten embryos per plate were bombarded once, as 
described above. Each: particle preparation (enough for 
5 \ six shots) employed a .combined : total"- of '•to\^' ;: 'of DNA 
V. PP4790 5 jig DP460 : -or- DP353&) Plates 1 to ;• •'■ 
were bombarded with plasmid DP4790, which contains a 
35S CaMV promoter, omega', aadA and- ocs terminator 
(provided by Dr. Jonathan Jones, John Innes Institute), 
5 * n <* with plasmid DP4 60, which contains a 35S CaMV 
promoter, ADH intron, GUS gene, and nos terminator. 
Plates 5 to 8 were bombarded with plasmids DP4790 and / 
DP3536/ The latter plasmid contains a cab promoter, 
ADH intron 6, GUS gene, and ocs terminator. All 
0 embryos were grown and germinated as described in part 
<B) of this example, supra . After germination / the : 
regions containing the mefri stems were ciil tured on agar ^: 
solidified MS medium containing 2 mg/L BAP and 100 mg/L 
streptomycin sulfate. ' 

jAfter cultured meristeins were moved'. to : an* : - : 
illuminated .-.culture"' room- a grreeri sector was observed; 
.; oh a proliferating meristem oh plat;e 6 . All other : 
•• tur «d . meristems '; were- white due •: to Streptomycin 
bleaching. GUS staining at this time revealed a mix of 
0 sectored and non-sectored blue staining leaves. 
Afetout seveh weeks after borhbardment , sorting 
: ''^-O^k^tyed-'- iti ;• tHfe leaves from the t raris f brmatibn e on 
-'•'.P^ate six> Some leaves were nbri- sect 
V;;.pthers' were still mericlinal . Transferror^ 
35 ; confirmed using PCR, GUS staining and Southern 
analysis . 
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(D) Trans fpruiation of ah elite inbred 
Ei^ht days af ter : pollination * ^i5^^feiia:r stage 
^i^xryps; of an Vfel : ite;: ix^rfd : , . dieiigriatt^d- 'VB^ 
purposes bf ■ t his - descript ion >/ ; wiere- ' isqia.tbd and V- .-" 
cultured on. 288L medium in- ''fifteen plates- : cpiitkinin£:-- =• 
twenty embryos per plate. Twelve plates were 
bombarded, using standard protocols . Brief ly, particle 
;|o^arc^ht : was iperf brmied with six sh^ 
i^pt\^ie;|:disks: : ;; l jim t ungs t£n part iq les ,.\ : Whifcfc- : A*e^e-. : 
cbated with plasmids DP53 97 (proprietary agronomic 
gene ) : and DP5606 (Ubi promoter /Ubi - intron/ NPTil /pin 1 1 
terminator linked to cab promoter /ADH intron 6/GUS/ocs 
terminator) at a concentration of 5 fig DNA/particle 
preparation tube- • for; each: plasmid . 

••• Plasmid DP5397 is a proprietary agronomic plasmid 
which contains a Bt gene , while plasmid DPS 6 06 contains 
the Ubi promoter, Ubi intron, NPTII gene; and. PihJtl 
terminator; which is linked to a cab promoter, ADH 
intron 6, GUS gene, and ocs terminator. 

After bombardment the meristems were cultured on 
^agar, solidified MS medixim: containing 2 nig/I/ 
0.25 mg/L, 2 , 4>dichlorophenoxy: acetic acid and 3% 
pf^bros^v, 

placed on >^amycin_ select^ To avoid 

irreversible bleaching of the meristems, this tissue 
was cycled between selective and non- selective media. 

v Five months after bombardment , a large green 
sector was removed from a bleached shoot culture. Three 
^rnall leaves were removed from the sector and stained 
•with X-Gluc . The leaves : f oxind -to ' e^ress;- :: i3US :^ : ? 
activity in noxl-epidermal cells . 

A single plant was regenerated from this series of 
experiments . The plant produced copious amounts of 
.;. ppilen - anil |sieveral.v..eaM . ; ;. i vTlte> : :ppl leih ^as- ••' found! ^^to'.:• be. •: ' : • 
segregating for CDS egression,: which was surprising 
since this gene was under the control of the cab 
promoter . All leaves of this %lant • exhibited strong , 
:nbn- sectored GUS activity . The t as sel glumes also were 
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positive for GUS activity Samples of leaf tissue from 
this To plant contained the NPT - II- : and\ ; B t proteins (as 
yerif i<ed by; their respective ;ELlSA f si ajidi- .exhibited'-: -y 
strong GUS activity . v f luorometric analysis) ♦ The GUS 
histochemical -assay '{yet if ie&;,. transmits ipn: to; pTOgeiiy ih i 
42 of 106 :;iseedlihgs: : : v 'sampled^ to date , which is 
consistent : with Mendel ian inheritance. 

Example 3, TIUWSFOMIATION REGIMEN EMPLOYING IMMATURE 
EAR AND TASSEL MERISTEMS 

(A) Excision of immature ears 

iFrpm ;pl : Mts 'rihirveste^ seven to nine ; weeks ; after ■ 
plianting , leaves were removed aseptically , one at a 
time ,. and the ears were exposed . The ears were 
dissected out of the husks under a dissecting 
: : ;micro^cc^e : . ; - ; Longitudinal bisection o^ 
I increased- the; respbhs e: and: exposed the meristberas more : . 
fully to bombardment. 

(B) Staging and selection of responsive explanta 
The size of the whole excised ear and the 

developmental stage of the meristems were found to be 
.. reliable'-: indicators;- of prqpei - timing: of harvest . 
; Stiialler eairs; are less development ally determined arid 
more responsive to hormonal stimuli, but fewer 
meristems survive resulting in fewer targets; for 
transformation. Although smaller inflorescences have 
been used, - two millimeters was used- -as the practical 
lower size limit for transformation experiments .; The ; ■ 
upper limit for selection of responsive targets was • 
dete r mined by meri stem stage ; deve lopment a 1 p 1 as ti city ; 
0 ; decreased dramatically once the glumes began to be 

obvious and ^pp^ the me^istfematic . . 

" '. dome > 

: (C) Ini tial culture medium • 

Various media have been used, and inbreds respond 
5 differently to these varia t ions . A pre f erred medium 

: used in the initial s t age of f ibral meristeni bulture . 
, : :(. iiaed : for various •genotypes:}* :icpnsiste'd^of - Murashige ;: --and; 
Skobg salts, MS vitamins , 0.1 rag^l 2;^ 
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BAP, 1 -proline at 12V2 /xM, 8% sucrose , and silver 
,' nitrate at 30- mg/1 . A preferred gelling agent is -,' 

GELRITE (product pi Mer^ck and ; G6; incMiKelcp division, 
•. Rahway, ' NJ) at: 3 J 5 g/1 ."' : - 
5. . fJD> fiombardmenc 

Immature ear explants were bombarded using 650 psi 
rupture disks and a stainless steel screen (100 um mesh 
size) suspended approximately 0.5 to 1.0 cm above the 
tissue; ^DNA bombardment 
10 parameters were as described in Example 1. 

IB) Subsection, subculture and selection 
Maintenance of rapid growth and survival of 
individual meristems was achieved by subsecting the 
ears four to six days after isolation , into pieces with 
15 four to eight meristems each. These pieces were 

cultured onto shoot multiplication medium, which has 
the same basal composition as the initial culture 
medium (above) but with 1 mg/1 BAP and 3% sucrose . 
Meristem tissue was subcuitured repeatedly, at two week 
20 intervals on the shoot multiplication medium. 

Incubation of bombarded ear meristems in X-gluc 
consistently resulted in high frequencies of transient 
GUS expression two days after bombardment. Stable 
sectors in leaves produced by multiple shoot clumps 
25 were found to express GUS one month after bombardment, 
At this stage, leaves were approximately 1 to 2 cm in 
length, and transformed sectors were found that 
extended more than half the length of the leaf. In 
addition, one meristem sacrificed at this stage ? 
30 expressed high levels of GUS in a histochemical assay. 

One month of shoot multiplication was followed by 
one month of selection using 100 mg/1 streptomycin. : 
After this treatment/all material was subcultured once 
more onto medium without the selective agent, and were 
35 additionally moved into the light. Leaves and shoots 
; in nbn - s e 1 e c t ed cult ur e s qui ckly turned green . ; Leia^es 
in selected cultures remained bleached (white). 
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; (F>- ..... :WM:c; r^eheratipi2 . ■■[■)■';; 
Putative ly transformed shoots • clum 
tranis f erred 1 6 : : medium lacking pi ant growth reg^i^tors . 
Varying degrees, of leaf development occurred on i::mg/i 
5 -.4 :, : B^P-.-..-a^ 

absence- of hormones. 
(G) Rooting 

Rooting at high frequency was effected via several 
days of exposure to MS- or SH- based media with 1-5 mg/1 
10 : ,NAX . 

■ Skaimple 4..: TWLMSPOI^ PROEMBRYO, MCtD 

PR0EMBRY0 , LATE PROEMBRYO, TRANSITIONAL AND 
EARLY GOLEOPTILJUEt-^ STAGE EMBRYOS 
Immature embryos at the mid proembryo, late 
15 proembryo, transitional and early coleoptilar stjage 
were harvested and ctiltured on culture medium 610A, 
containing high concentrations of cytokinin and 
: osmoticum. The 610A culture medium comprised MS salts, 
MS : vitamins^ m£/L myo- inositol , 0.4 mg/L thiamine- 
20 HC1, 1 mg/L zeatin riboside, 0 .1 mg/L ^AP # 60 g/L 

sucrose, 400 mg/L asparagine, and 7 g/L Hazelton TC 
a 9 ar - After one day of recovery, the embryos were 
bombarded with DNA, by means of the particle gun as 
described above, and punctured in the center of the 
25 ?^ ea of Vhe^e the apical meristem will develop with 
0 . 5fLm micrpmanipulation needle'. • 

;•• ^Embryos ; : \were allowed to matiire of br i Todays ;;in : ; ? 'th^ : :: * : : 
' dark and theii trarisf erred to a hormone- free medium 
containing 1 ;mg/i bialaphos . .Following another 7 days 
30 of culture on hormone - free medium in the dark , . the - : 

er^ryoiB were transferred to ^rroinat ip medium > ; arid . : ; 
cultured in the light for continued germinat ibn • -Sa£ 
leaves developed; pi ant phenotype was observed and: 
samples Were : t aic^n to check for sector f b^^tibri by i 
35 histochemical assay (GUS ) as described above ; 



Healthy plants with notmal phenotype arid/br 
reporter gene activity were transferred to the 
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greenhouse for maturation. The data shown in Table 4, 
which were generated via the above -discussed protocol; 
demonstrate for inbred NIOOOO the sector frequency 
gained acrb experiments using : 

embryos staged at mid proembryo, late proembryo; 
transitional ; and early coleopcilar. 

Sector Ftd^ency OJbtaixied With 
*Q<* Prbemb±yo # later Proe^^ TSrabsi fci onal and 

V-.:;:;: - : - .y:-':; : --- : = ^EaiJjr Gbl 



15 



B; ; Enbiyo Stage : y : : ;:j 




Tramgnct 




•:Gl& 




| Earty 

| Coteopolar 




BAR/OUS 




v.Lctf tips aad files- • 

of i£ cells: v ; 


Leaves t aod 2 




250 


BAR/OUS 


22.3ft 


^•UiieM:/x- : :i::::\:;:;:.:;; 


Secton sttn it v. 


R Utt Prpccnbfyo i 










Sectors scait at Jj 


1 Mid ; 
R : Prcwnibfy o 


; no 


BAR/OUS 


3ft 


;-:ljjMaijr and 
whole leaf ^ 


Sectors wan u 1 



7 he G[3S fre quency observed after targeting mid 
proembryos reflected, at the time these data were 
collected , a relatively poor surviyial '. rate after 
bombardment and select ion. But the addition of l mg/1 
zeatin to medium 610A, an increasing of the agar ; 
concentration (12 g/1) , and the use of iower rupture 
disc pressure (200 p.s.i.) during particle delivery 
*4 cr ; *M e f/-suryiyal; oi mid proembryos aftef isolation 
and Di^A delivery. 
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Example 5 . MERISTEM TRANSFORMATION — DIRECT 
; GERMINAT IQN AP P ROACH , ■/■; 
Genotype N10000 ; plants ■■ : -^ie.-^o^±h^^ • arid, ; ei^ht:^/^ • 
days later, embryos were placed into culture. The ^ 
: 5 " . : -harvested embryos . thus ;.-were: . late 7 prqenvb?yb . stajgfe> • •,; 
••• More : specif ically , eihbryos ;wereL ; cuit^ 
axis up, onto modified 610A medium, containing 150 g/1 
sucrose, l ing/1 zatin . and 12 . g/1 agar ; •■ arid |: incubated •• 
at 28 °C overnight in the dark- At day 1, following the 
10 overnight incubation, the apical meristems of all 

embryos were : disrupted in tie center of the • apical dome 
using a O.Sjnn Femtotip micromanipulation needle. All 
embryos were returned for an overnight incx^atibri at 
; 28C in the dark. At day 2 bbmbardrrierit was effected 
15 with the PDS-1000 Helium particle gun, one shot per 
! plate, using 650PSI rupture disks. DNA employed in 
th^ [2x35S : -VB^itiBrr.iiSUS] at 

i Mg/tube of l-/xm tungsten. At day 2 all embryos were 
: maintained in the dark at 28?C for 7 days on 6 10A 
20 ; mejii^ 

(after 7 days on 610A) , embryos were transferred to 612 
medium containing MS salts and vitamitis/70 
• -.- kinet in , p ; 1 mg/1 adenine sulfate, -20 g/1 sucrose , 6 : 
g/1 agar and 0 .5: mg/L bialaphos, for germination and 
?5 : • selection / r were kept in the : dark ait 

28°C for 7 days before transfer to the lights for • 
further gemination. On days 21^49 GUS " his fcochemiqal: 
}. ::• : ! ;as s ay s; ' on ■ .develop ing leaves were conducted;, -^and,- oh day ■ 
; 35; growing ". plantlet s were transf erred to tubes 
30 containing MS medium with no hormones: and ; 5 mg/L 

.biaiaphaa'. On day 56 plant 6rl (SID 180741) and plaint 
2-7 (SID 180742) were transferred to the greenhouse; 1 
The : total:;* n^ of embryos cul t u r ed i: and bpii&ar de d 
was 4 8, of Which 37 developed normally . The number of 
35 embryos that grew beyond leaf 1 was 17 , with four 

plaints s hp v^ihg GUS e^fessiori U< Two' : ' -plant s t sur\r'i ved-- ". 
;. ' 5 mg/L-biaiaphos se 
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16 



development . and were transferred to the greenhouse for 
maturation. 

■■SID- 180741 and 180742 both showed GtJS expression 
•at the time • of:. / gfeex^hpiis^B transfer iitnd hiti hprnial leat > 
/Smd^rpot-^ other 
; plants -died.' X'::: : SlD\;18 : 074-2 showed GI^ 
leaves 1-8 only. 

• . • • • Table 5 

Sector Placement by GUS hi stqchemi cal 
•v assay of SID180741 



15 



20 



25 



36 



35 



structure 

Leatf 1 
Leaf 2 
Leaf 3 
Leaf 4 
Leaf 5 
ieaf 6 

^L€iaf:-7: : ' : :-'- 

Leaf 8 
Leaf 9 
Leaf 10 
Leaf 11 
Leaf 12 
Leaf 13 
Leaf 14 : 
Leaf 15 •>•: 
Leaf 16 
Leaf 17 
Leaf 18 
Leaf 19 
Leaf 20 
•Leaf 21 
Tassel 



Anthers 
Anther glxam^s 



CTS phenotypg 

negative' ." 
leaf tip 
leaf tip ' 

saddle sector : margin and; to 
•;|nldriib:: : 8ectp3r:' 

saddle sector margin and-; midrib . ■: •'. 
midrib- seictor .•• 

saddle sector margin and midrib 
midrib sector: • 

saddle sector margin and midrib 
midrib sector 

saddle sector margin and midrib 

midrib sector 

half leaf 

half leaf 

half leaf 

half leaf 

half leaf : : 

half leaf 

entire leaf 

entire leaf : 

to date : central stalk shows pollen : 

••::Staining-;.,':'5' : : tassel : : ;branchesi : (;also ; ; 
. • positive .. 
Endothecium and epidermis positive 
Epidermis positive 



Leaves were painted with 1% Ignite in lanolin 
40 paste at the stage of develbptnent . SID i 18 0741 

showed resistance to Ignite in the sectored (GUS 
expressing) areas drily . SID 180742 showed no 
resistance to Ignite. PGR analyses Were done on 
sampled leaves and; cbnf iri&ed presence* :oi:V^6t 
45 E&k genes in Sib 18074 genes in SID 186742 . 



WO 96/04392 



- 42 - 



PGTAJS95/08977 



One of the first ma^or differences observed after 
. >v . mp^ihg- . ^pwarda.^ai^^ari ier ✓ d^gippme^ai ^.sfek^e, i ve; . 
r; : when : targeting ^ : prpenUDrybs :< was; t 

saddle sectors (see Poethig (1986) > ■: supra/ for a 
description) . Extant information concerning meristem 
p'rganizatioriAs thesipresent^ ihYeiitors : that •;• 

this might lead to germline transmission 4; 
tassel. : Sadcile sectors extend from the leaf -primordium 
up through the: central port iph • of ; the; apical dome : arid- 7 
back into another portion of the leaf primordium. The 
extension of transgenic sectors into the: central 
: portion of the meristem greatly increases the :> : ; :: :.i;:^ 
- -i/p^bbability : ; : of / the sector contributing to the tassei \: 
and, ultimately, to pollen. 
> : Previous research on maize anatomy and clonal 

analysis has shown that maize contains an organized, 
layered apical meristem beginning ait the transitional 
stage of development. See Randolph, J. Agric. Res. 53: 
881-916 (1936), and Poethig (1986) , supra. 
) Pur t before, a; j paper by Dawe and Pfeeling/ 

Developmental Biol. 142: 233-45 (1990), regarding cell 
lineages in the male flower of maize, indicated that; ; 
the LI and L2 layers of the apical meristem give rise 
0 to the two layers of the anther wall . Only the inn^r i 
5 layer is derived from the same cell lineage as the male 
germ cells, the L2. It also was found that events that 
. occurred (by irradiation) before the organization of 
the shpot:^ 

layers of the anther wall with inheritance through: the 
0 pollen. Events that occurred after the transitional 
stage of development were limited to only one cell • 
j. •vl:ineage : ^:With ihheritance only when sectors occurred^ in 
;•' the L2 layer. 

Transf prtnant 180741 was bombarded by the part i c 1 e 
35 gun at the late proembryo stage of development, before 
• meristem layer organization oceiar6 . . -I t ; : containedVa;.:.'. 

saddle sector which , by definition , ; is a -i^ctdr which 
• '/traverses 'thie apical dome and bisects the meristem, in 
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: ^ region of the : merisc^ 
, : ttie. . :t'assei:, : (?see /:Pbefehi.g : :-v ( 19:86 ) ,■ supra;)' r/It ki^^ife : 
wounded by a micro -manipulation needle, to encourage 
m£ri^ and exposed to bialaphos as; 

5 the selective agent .GUS histochemical ; data showed 

expression in ;'--bo t h;\ >1 ay er s • of the leaves , . ' in ; the: ahther : : ; ; 
wdi\l t and in abput 50% of the pollen from the : central : : 
.stalk. \ v;;^: •• 

Example 6. STABILIZATION OF TRMISGENIG SECTORS BY 
10 MEANS OF TILLERING ^'V 

As noted above ,- tillering of transformed plants isi 
an alternative to shoot multiplication for 
stabilization o^t^ sectors- Accordingly > 

elite lines may be induced to tiller , pursuant to the 
!5 present^! thereby stalbiiizing ••.triuis'g^riic ;: " 

' . sectors . ' •' . . • 

In this example* tillering was inc^ 
plants using the method described by be Wolff , 
Euphytica ££: 524-26 (1971) . A triangular incision was 
20 with a nuinber 11 scalpel blade at the approximate 

height of , or slightly above, the shoot apex of two : 
week-old siaediihgs; The incision wais made 
'•• p^^end^iciilar : to the plane of -the; leaves in brder; tor 
avoid damage to the midribs. The shoot apex was 
25 removed from PIOOOO, PHP02 , G30000 and E10000 

seedlings. Each of these genotypes represents inbreds 
f r dm s igili f icant ly di f f er eht het Orotic ; f amil i^s . ; ^ ■ 
^Pntreated: plants' -.of-': the same genotype yere u^ed as 
qpntrbls • \ . •;: If the incision was •■ too • f ar above-" thk.^ 
30 the procedure wias repeated just below the initial 
•• incisibh; [C -. : 

The wounded plants and untreated coritrpls were 
1^ in 24 hour cont inuous 1 ight (greenhouse; 

during the day, growth chamber by night) for two vieeks . 
• .3S ; • > ; Avr .: light /dirk: r; 

:: ;v:;::;cbndit.iohs^ •: • 
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••■•••.(: . Si^if icari^ : jt^lering : Wad obse^ed the pia^ti.;.\ 
from which apices: were removed . The influence df 
continuous light, on tillering f recjufency, relative to : 
normal light /dark conditions , was variable and may 
depend on genotype. The untreated controls did npt 
tiller . ' ". ••:>{•, ; : ' '■•iK:.\ : ^ ' 

• ' The hpieji-maLdie by the inci s ion bbul d have been 
plugged with lanolin and phytohormones, such as TIBA 
( 1 tng/L) or BAP (10 mg/L) # ! ; to increase ■■ tillering 
frequency. In the alternative, or in addition to the 
phytohormones, selective agents such as kanamycin could 
have been added to the incision to identify and select 
transgenic sectors . 
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, • What Is Glaim^g: : -V V±': 

' "A \metttod : ' : f:or '-proaucihg* tr^nsgeriiq: cereai.. : " 
' 'plani^ 11 t r ansmi t : ;-.iht M^ceaSCttJA: '-to' • prpgishy ; . 

comprising the seeps of : : 
:5 :: V.;t A*)* ;? . introducing, -xf breigri ' DNA into target ;ceilis v 
. -V selected from t^ ( i ) /yc^lla ■ of .y"a - 

meristem that is not enclosed by sheathing leaves and 
(ii) cells fated :to contribute to saiid ; then 

(B) inducing reorganization of said meristem * to 

10 . ./ Afiicrease t ra^genic ^sector" 1 ^S:ize> : . whereby the likelihood 
that a transgenic sector will contribute to germline 
. \ tr^^smisisibn iis increased; and; the^ 

(C) exposing said meristem to conditions under which 
it differentiates to form a plantlet, wherein said 

15- plaxitiet contains said transgenic sector or is 

homogeneous ly tran&f brined by said f p?e>i|rn DNA, f such 
that said plantlet can be grown into a transformed 
cereal plant that will transmit said foreign DNA to 
• : prbgeny . V 

\: 2 -i\ : fi\ >r3\-'-2> . ••v'A: method according to claim 1/ wherein step 

(A) is effected at early proembryo, mid proembryo, late 
prpembryp,; transitional or- early.:coleop 

3: ♦ ; A-,; met hod:- 'according-rvtq:^ :. •: 

foreign DNA is introduced into a plurality of 
25 meristems ,, v and at least some of ;said meris tenis ; ; 

differentiate in step (C) to form a plurality of 
plant lets; 

4. : A method according to -claim 1, wherein said ^ 
reorganization is effected through at least one 

30 >: manipu the g* pup -cons i s t i hg b f \i : • 

(i) imposition of a nonlethal selective pressiire on 
said meristems, (ii) mechanically- induced meristem 
reorganization ,' and. ( i ii ) hormonal lyfindiuced shoot : 
' ■ multiplication . • 

35 • 5 . A method according to claim 1, Wherein said <■ 

cdnditions in step (C) are such that sa^ 
undergo maturation and plant differentiation to form 
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: > ^nd,: wher ein: said method -furth^ 

ef fecting reorganization or menstem tissue in" said 
shoot apices.: to. enlarge transformed sectors or to 
produce : :p^r;ic|-ina 
5 6 - . A method according, to .: c laim • 5 . wherein said : 

: : 3f feqt:in9 9 f . r e6rgani2ation icomprises exposing : said .S-l 
shoot apices to nonlethal selection pressure such that 
. • transformed, cells;: have -a competitive grpiith advantage 
over nontrans formed fcel Is in said shoot apices, and the 

,. increased. ; ■ 

7 - A method according to claim 1; where step (A) 
comprises biolistic bombardment of an embryo at a 
developmental stage no later than the coleoptilar 
15 stage. 

8 . A method according to claiin 5, wheirein said ; 
ef f ecting of reorgani za t iph . comprises culturirig said 
shoot apices under conditions such that multiple shoots 
Prplif erate tHeref rbm through prgahogenes is . 
20 9. A method according to claim 1, further 

comprising a step before step . (C) of wounding said 
apical , dome select iVely.. 

: .• A method according to .claim -9/ wherein .said 
wounding is carried put before step (A) . 
25 11- A method according to claim 1. wherein step" 

: (A) comprises biolistic bombardment of. meristems on 
immature ear or tassel explants. 

. I 2 - A method according, to claim .1, wherein said :. 
: target eel Is are maize , sorghum; [ wheat , barley , oat' or 
•J;0;;,. : ' rice targe t pells;. 

13 . A method according to claim 12, : wherein said 
; ; ;. target cells are maize target .cells;.:':- 

14. A method according to claim 5 , further 

; ; comprising the steps of (i) dissecting out of an ■ : . 
•.35:- . . axillary bud from' above the iase^'pf ; : .a .aeaf of - a. : , 
pi ant let wheh\ ; ^ 

substahtial portion of said -leafV'^rid then 
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(ii) germinating said axillary bud into a whole plant 
or subjecting said axillary bud to shoot 

15 . A method according to claim 1. ^further 
: 5' - - comprising the steps of (i): ^ 

f rom; .seedlings ..of -;sa;id::'pl ; antliBt; ; whe^e^lw^;a/^d^ttd< ;i;s\ | : > 
produced, then (ii) growing said plant lets to induce 
• . ^format ion of a . plurality of t illers , and ( iii ) • 
C;.Vsei : e : c ting ■'. e^tran^ 
10 16. A method according to claim 15, wherein 

phy t phprmpne s that increase tillering are introduced; • 
subsequent to step (i) , into said wound; 

17. A method according to claim 15, wherein a 
selective agent is introduced after step (i) into the 

15 wound/ to identify and select transgenic sectors . 

18. A transgenic cereal plant that is the product 
of a process according to claim 1, whexein said cereal 
plant transmits introduced 

to a cereal line that is recalcitrant to callus ^ based 
20 • transf prroatiori. 

19 . A transgenic cereal plant according to claim 
: 18 , wherein saidi cereal plant is a maize plant that is 

not produced by transformation of a genotype selected . 
•v -from the' cirbup consisting of A188 V A188? x B73 H99, . 
25 vvPaSl/ ' FR16, and: a genotype obtained from a cross 
. involving any of the foregoing.. x : : 

2.0. A transgenic cereal plant that is the product 
of a process according to \claim : ; is;,-: wherein said : cereal 
plant transmits ihtrbduced to progeny and belongs 

30 tib a: cereal line that i 
trans format ion "... 

21. A transgenic cjereal piairit accords to claim 
V 20 / wherein said cereal plant is a maize plant that is 
not produced by t rans f ormat ion of a genotype selected 
• : :.:3:5 : ; :. /' from the group 'consisting of A188 ,1 * B7i , H99, 

Pa9l, FR16, and a genotype bbtained; f rom a cross 
. . involving ^ny of . the - foregoing. • ■ 
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: ; ; 22. VA. maize plant that transmits introduced DNA-: \ 
to progeny arid that has a pedigree including a line 
selected from the group consisting of PHT47, PHP02 , 
PHV78 , PHK05 , PHW20, PHR62 . PHN37 , PHM10 , PHV37. =HJ65, 
5 ; • PHBW8 ,". PHK29 . PHJ33 , PHP60 , PHN73 and PHHV4 . 
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